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TITLE OP THE INVENTION 

/ PROCESS FOR PRODUCING THIN— FILM TRANSISTOR 



BACKGROUND OF THE INVENTION 



>^ This invention relates to a process for pro- 
ducing a thin-film transistor with improved, per- 
formance . 

Thin-film transistors (_TFT ) using semiconductor 
films of amorphous silicon (a-Si) or polycrystalline 
silicon (P-Sl) are being applied to liquid crystal 
displays and like devices. Such^hin-film tran- 
sistors are diversified in structure. _Figs_. ^1=^. 
to Id illustrate a convent ional . processTor pro- 
ducing a thin-film transistor of a planar struc- 
ture using amorphous silicon film. Shown in Fig 
A" 3 ^ ~ n a sectional view is the initial step "for 
selectively forming a gate electrode 2 on an In- 
sulating substrate 1 such as a glass substrate. 
Then, as shown in Fi 
(.such 
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J , a gate insulating film 
as silicon nitride film) 'and an amorphous 
silicon film H are continuously deposited, and 
said amorphous silicon film 4 is selectively etched. 
Then a field Insulating film 7 (.such as SiOx film) 
is deposited and windows for contact with sourc- 
and dram^are formed as shown in Fig.Tc . Although 
not shown, a gate contact window is also formed 
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simultaneously. ■ Thereafter, as Illustrated in Fig. Id 
for instance n + amorphous silicon films 25 > 2 6 and 
metal Csuch as Al ) films 15 5 16 are deposited and 
selectively etched to form drain and source elect- 
rodes 5, 6, thereby completing a thin-film tran- 
sistor unit. If necessary, a surface passivation 
film and/or light-shielding film are further formed 
thereon . 

In the conventional process shown in Figs, 
y^fc^a to Id , since the masking step precedes the 
deposition of n + amorphous films 25, 26, natural 
oxide is produced on the exposed surface of amor- 
phous silicon film 4. Although such natural oxide 
can be removed by an aqueous solution of hydro- 
fluoric acid (HF) or a similar substance, the po- 
ssibility is still great . that oxygen and its com- 
pounds as well as other impurities can collect on 
the laminate surface as it is exposed to the at- 
mosphere. This would give rise toA resistance bet- 
ween^ source and drain and between channels in the 
thin-film transistor thus obtained, making such 
transistor unable to exhibit its desired charac- 
teristics. A similar phenomenon would also occur 
at the interface of n + amorphous silicon films 25, 
26 and metal films 15, 16. 

As described above, according to the conven- 
tional process, resistance would be generated 
betweenj^source and drain and between channels and 



it was thus impossible to obtain the proper* current 

■ flow and frequency characteristics. It was also 

a disadvantage of such conventional process that 

it was necessary to repeat the masking step as 
many as 5 to 6_ times. 

M s 

• SUMMARY OF THE INVENTION 

ft !t is an object of present invention to provide ^process 

for producing a thin-film transistor with an improved 
^ contact arrangement -and prorpfin — fe^-an-rg — s imp 1 i f- ^e-d-. 



BRIEF DESCRIPTION OF THE DRAWINGS 

^Jj^ JFigs . la to Id are sectional views showing 
the sequential steps in a conventional thin-film 
transistor production process. 

Fiqs . 2a to 2e are sectional views illust- 
rating stepwise a process for producing a thinri 
film transistor according to the present invention. 
^***^ Figs. 3 a. to 3d are sectional views illustrating 
the sequential steps for producing a thin-film 
transistor according to the process of this invention 
as it was applied to a substrate for liquid crystal 
display. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention will be described in 
detail below with reference to the accompanying 
drawings . 




v ir igs. j|2^a. to 2e are sectional views illust- 

rating a process Tor producing a thin-film tran- 
sistor using amorphous silicon according to this 
^ invention. Fig. yjlpa. shows in a sectional view 

the initial step for selectively forming a gate 
electrode 2 on an insulating substrate 1 such as 
glass, quartz, ceramic, insulator-coated silicon 
or metal. Metals such as Cr, Mo, W, Al , Ta , etc. , 
and their silicides , impurity-doped poly si lie on 
and other like materials can be used as said gate 
^ electrode 2. ^ In 'the next step illustrated in Fig. 2b in 

a sectional view, a gate insulating film 3, a highO 
resistivity film 4, a low-resistivity a-Si:H (usually 
hydrogenated amorphous silicon) film 2 0 and a conducting 
film 30 made of a metal or other material are succes- 
sively formed on said gate electrode 2 and substrate 1 
^ without exposing them toj^fefee- oxidizing atmosphere. 

Such successive deposition can be accomplished, for 
instance, by forming a silicon nitride (SiNx) film 
as gate insulating film 3 from a mixed gas of SiH 4 and 
5, forming a high-resistivity a-Si:H film 4 by using 
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gas of PH 3 and SiH 4 in the same evacuated chamber 
in a plasma CVD apparatus. It is also possible to 
form said films successively in the respective 
chambers by using a plasma CVD apparatus having 
in-line chambers. Further, when a sputtering or met a- 





lizing chamber is additionally provided, conducting 
film 30 can be also deposited continuously without 
exposure to the atmosphere. Beside SiNXj a film 
of SlOx or a multi-layer film made of such materials 
can be used as said gate insulating film 3- In 
place of said high-resistivity amorphous silicon 
film 4, there can be used a film of amorphous 
silicon- fluorine alloy (a-Si :?) or amorphous sili- 
con-hydrogen-fluorine alloy (a-Si :H:P) using., for 
instance, SiF^ or a macrocrystalline amorphous 
silicon film. Such alloys . can be also used for 
said low-resistivity amorphous silicon film 20, 
and such film may contain other impurites beside 
phosphorous Impurities. As said conducting film 
30, it is desirable to use a stable conducting 
film such as a transparent conducting film made of 
a refractory metal such as Cr, W, Mo, Ta , etc., 
and sllicides thereof, or indium- t in— oxide (ITO), 
Sn0 2 and the like. Use of a transparent conducting 
film has the advantage that the process is simpli- 
fied when the thin-film transistor of this inven- 
tion is applied to an active matrix liquid crystal 
display.^ Fig.^-2—^- illustrates the step in which 
said conducting film 30, low-resistivity amorphous 
silicon film 20 and high-resistivity amorphous 
silicon film 4 are left as an island region .by 
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etching in a single masking step. Known etching 
techniques such as wet etching, plasma etching, 
reactive ion etching, ion etching, etc., can be 
used for this step. Then, as illustrated in Fig.2~d 
in a sectional view, drain and source electrode 
members 15, 16 are selectively provided, and 
conducting film 30 and low-resistivity amorphous 
silicon film 20 shown in Fig- 2jz are selectively re- 
moved with said electrode members 15, 16 serving 
at least as a part of the mask to form drain elect- 
rode 5 and source electrode 6. In this step, it 
is desirable to clean the surface of conducting 
film 30 by proper etching means such as sputter 
etching or ion etching before forming said drain 
and source electrode members 15, 16 . In this case, 
the channel areas of the thin-film transistor are 
safe from damage by cleaning as they are covered 
with conducting film 30. The same materials as 
used for conducting film 30 and other materials 
such as Al can be used for said drain and source 
electrode members 15, 16 . When selectively etching 
low-resistivity amorphous silicon film 20, no 
problem arises even if it is overetched to the 
extent that etching reaches the- high-resistivity . 
amorphous silicon film 4.*^?, In the final step illu- 
strated in Fig.J-g— y , a surface passivation film ' 




8 is deposited, and the drain and source elect- 
rodes 15, 16 and gate electrode 2 are partly ex- 
posed (not shown). A CVD film of Si0x 3 SiNx, etc., 
a resist or a coating of polyimide resin can be 
used as said surface passivation film 8. If light 
shielding is required, a multilayer film composed 
of said insulating film and - a metal or high-resis- 
tivity semiconductor film can be used as said 
surface passivation film 8. When amorphous silicon^ 
^J3f germanium alloy ^ a ~ Si i_ x Ge x ) . is used as light<£} ' 
shielding film, surface passivation may not be 
necessary. 

J^, Figs to ' show sectionally a unit 

picture cell in an application of the present in- 
vention to the manufacture of a TFT substrate for 
liquid crystal display. Fig. ^3 — a- illustrates a 
step in which gate electrode 2 extending along one 
line and gate electrodes 2' on another line are 
formed on a transparent insulating substrate 1 
such as glass substrate. Then, as illustrated in 
Fig. 3^b 3 gate insulating film 3, high-resistivity 
amorphous silicon film *4 and low-resistivity amor- 
phous silicon film 20 are deposited successively 
' \\ without exposure to oxidizing atmosphere, and 

said low-resistivity amorphous silicon film 20 
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a transparent conducting film such as ITO film 
deposited; then, drain electrode 15 and source 



electrode are selectively formed and the exposed 
portion of low-resistivity amorphous silicon film 
20 is removed. In this example, a charge-holding 
capacitor is formed by said picture cell electrode 
(.source electrode) 16, gate electrode 2' and gate 
insulating film 3- In the final step shown sec- 
tionally in Fig.^- g^d - , surface passivation film 8 
concurrently serving as a light -shielding film 
is deposited and then selectively etched to expose 
picture cell electrode, drain electrode 15 and a 
part of gate electrodes 2, 2' (.not shown). In 
this example, no conducting film is formed on lowp 
resistivity amorphous silicon film 20, but a con- 
ducting film such as ITO film may be formed on 
said low-resistivity film 20 as in the example 
shown in Fig. 2 . 

As described above, according to the present - 
invention, no oxides, etc., are formed at the in- 
terface of high-resistivity amorphous silicon film 



electrode 16 which doubles' as a picture cell 



4 and low-resistivity amorphous silicon film 2Q , 
so that a good junction can be formed. The same 
is true with the interface of low-resistivity 
amorphous silicon film 20 and conducting film 30. 
Further., since the interfaces of low-resistivity 
amorphous silicon film 20 or conducting film 30 
and drain and source electrodes i5, 16 can be 
cleaned without damaging the high-resistivity amor- 
phous silicon film., a good contact can be obtained 
without sacrificing the inherent properties of 
thin-film transistor. 

According to the present invention., as ex- 
plained above, a thin-film transistor having good 
contact characteristics can be formed with only 
four masking operations. The present invention 
is especially effective for the production of 
thin-film transistors requiring a low temperature 
process such as thin-film transistors using amor- 
phous silicon. It is thus possible with the pre- 
sent invention to obtain a thin-film transistor 
with .small channel series resistance which improves 
driving performance and frequency characteristics. 

While the present invention has been principally 
described regarding an embodiment thereof as app- 
lied to the production of a thin-film transistor 




